Abstract A 21-year-old woman with nephrotic syndrome was referred to our hospital. She had congenital diaphragmatic hernia, hypoxic ischemic encephalopathy, and mental retardation, and had been treated for hyperthyroidism with thiamazole in another hospital. Serum creatinine was 37.8 lmol/L and antineutrophil cytoplasmic antibody against myeloperoxidase (MPO-ANCA) was 39 EU. Urinalyses were 3? for proteins and 3? for occult blood. A renal biopsy was performed. An examination using light microscopy (LM) revealed necrotizing glomerulonephritis with crescent formation. Immunofluorescence microscopy showed granular staining with immunoglobulin G and complement component 3 along the capillary walls. Electron microscopy (EM) disclosed subepithelial dense deposits. A renal biopsy suggested necrotizing glomerulonephritis with membranous nephropathy (MN) in stages I or II. Since many cases of drug-induced ANCA-associated glomerulonephritis (AAG) have been reported, we stopped thiamazole and treated with corticosteroid. The MPO-ANCA titer became negative 49 days after the initiation of treatment. Two years after the first treatment, the MPO-ANCA titer became elevated again and was 82 EU. The patient was administered cyclophosphamide and prednisone. However, the MPO-ANCA titer did not decrease. A renal biopsy was performed again 3 years after the first renal biopsy. LM revealed no crescentic formation but demonstrated spike formations along the glomerular basement membrane. EM also disclosed subepithelial dense deposits, but less than the first biopsy. The renal biopsy suggested MN in stages II or III. AAG was regarded as inactive after corticosteroid treatment. Therefore, ciclosporin administration was started. In conclusion, we experienced a rare case of AAG complicated with MN. The histopathologic results showed that immunosuppressive therapy seemed to be effective in treating crescentic glomerulonephritis; furthermore, it reduced proteinuria but could not reduce the MPO-ANCA titer.
Introduction
Antineutrophil cytoplasmic antibody (ANCA)-associated crescentic glomerulonephritis is the most common cause of crescentic glomerulonephritis. It is commonly accompanied with hematuria and proteinuria, but the degree of proteinuria is generally in the subnephrotic range [1, 2] . Sometimes, hyperthyroidism patients treated with an antithyroid drug may test positive for antineutrophil cytoplasmic antibody against myeloperoxidase (MPO-ANCA) accompanied with hematuria. There is no standard therapy for these patients [3] . However, generally, administration of the antithyroid drug is stopped. There has been a report on a comparison between drug-induced and idiopathic ANCA vasculitis, where drug-induced ANCA-associated glomerulonephritis (AAG) had a more moderate course and immunosuppressive therapy was not necessary in some cases [4] . Membranous nephropathy (MN) is a pathologic diagnosis characterized by a spectrum of change in the glomerular basement membrane. It is the most common cause of nephrotic syndrome in nondiabetic adults and is associated with a variety of diseases such as hepatitis B, autoimmune diseases, thyroiditis, and malignancies. However, it is very rare for MN to occur secondary to AAG [5] . The present study reports a case of AAG with MN treated using thiamazole.
Case report
A 21-year-old woman with nephrotic syndrome was referred to our hospital. She had congenital diaphragmatic hernia, hypoxic ischemic encephalopathy, and mental retardation, and had been successfully treated for hyperthyroidism with thiamazole in another hospital for 5 years. , respectively. The antinuclear antibody tested negative and the levels of ANCA against myeloperoxidase (MPO-ANCA) was 79 EU (normal range \20 EU). ANCA against proteinase 3, complement component 1q (C1q), or anti-double-stranded DNA antibody were negative. Urinalyses were 3? for occult blood and 3? for proteins, 6.4 g/g Cre. AAG was suspected, although it rarely has the complication of nephrotic syndrome [1] . Therefore, we performed a renal biopsy under general anesthesia due to the condition of mental retardation being present. Light microscopy (LM) showed 7 cellular crescents with necrosis and 4 fibrocellular crescents out of 32 glomeruli. Immunofluorescence microscopy (IF) showed diffuse granular staining with IgG and C3 along the glomerular capillary walls (GCW). IgA, IgM, and C1q were negative. Electron microscopy (EM) disclosed subepithelial and mesangial electron-dense deposits (EDDs) (Fig. 1) .
The overall results of the renal biopsy suggested necrotizing glomerulonephritis with MN in stages I or II.
The clinical course is shown in Fig. 2 . Since antithyroid drug-induced AAG has been previously reported, thiamazole administration was stopped. After stopping thiamazole, the subject's thyroid hormones were stable and the administration of prednisolone was begun. The MPO-ANCA titer became very low 49 days after the initiation of treatment. Urinary protein level lowered to 1.0 g/g Cre, her edema disappeared, and prednisolone was tapered. Six months after starting steroid therapy, the MPO-ANCA titer had remained low at around 20 EU with prednisolone administered at 10 mg/day.
Two years after the first treatment, the MPO-ANCA titer became elevated again to 82 EU. The subject had no symptoms and her CRP was negative. Prednisolone was, once again, increased to 25 mg/day. However, it was reduced again and the administration of intravenous pulse cyclophosphamide was started due to the side effects of prednisolone, such as insomnia and appetite loss. Since the MPO-ANCA titer continued to be elevated, intravenous pulse methylprednisolone was administered. After that treatment, the MPO-ANCA titer fell once again. However, it fluctuated again. Therefore, azathioprine was temporarily administered but discontinued because of liver damage. We performed a renal biopsy again 3 years after the first renal biopsy to reevaluate her renal condition and to reconsider her therapeutic strategy. LM revealed no crescentic formation or necrosis, but demonstrated spike formations along the glomerular basement membrane. EM also disclosed subepithelial EDDs, but the amount was less than that of the first biopsy (Fig. 3) 
Discussion
AAG rarely has the complication of nephrotic syndrome [1] . There are some reports of AAG with MN [6] [7] [8] . In a case reported by Matsumoto et al., there was MPO deposition along the GCW in the first biopsy, which disappeared in the second biopsy and was accompanied by a decreased MPO-ANCA titer after treatment. They concluded that MPO and MPO-ANCA might have been responsible for the IgG immune depositions along the GCW in their patient [6] .
In the present case, although MPO immunofluorescence was not performed, MPO-ANCA seemed to have no relationship with IgG immune depositions along the GCW because MPO-ANCA remained high after IgG deposition disappeared with steroid therapy. IgG deposition along the basement membrane in the present case was hypothesized to be due to unknown deposits produced by MN. It was not elucidated as to whether the pathogenesis of ANCA-associated vasculitis in the present patient was drug induced. Drug-induced ANCA-associated vasculitis usually presents with skin lesions and fewer renal lesions than that of idiopathic AAG [3, 4] . The present patient had no skin lesions, but had renal involvement. After stopping thiamazole, the MPO-ANCA titer was still elevated. Most reported cases of antithyroid drug-induced AAG have been caused by propylthiouracil, and only a few by thiamazole [9, 10] . In this respect, the present case is less likely to be drug-induced AAG.
Viewing the clinical course retrospectively, the crescentic glomerulonephritis did not necessarily correlate with the MPO-ANCA titer in the present case. However, it has been reported that an elevated ANCA titer could help predict relapses and that a preemptive increase in immunosuppression reduces the risk of relapses [11] . Therefore, sufficient immunosuppressive therapy was administered on the basis of the ANCA titer until the second biopsy was performed and either deterioration of renal function or new involvement of ANCA vasculitis in other organs was not observed. However, long-term immunosuppressive therapy causes various adverse effects, some of which (e.g., opportunistic infections) are fatal. There is still no consensus with respect to striking a balance between sufficient immunosuppression and the prevention of adverse effects.
As mentioned in the ''Introduction'', MN is associated with diverse morbidities [5] . However, except for hyperthyroidism, no concurrent disease was detected in the current patient. Because hyperthyroidism is not generally associated with MN, the cause of MN in this case seemed to be idiopathic or unknown ANCA-associated origin.
Although EDDs in the mesangium have been reported to be observed in secondary MN like lupus type V [12] , it may not be exceptional in MN complicated with AAG, even though it is not secondary. In fact, EDDs in the mesangium were observed in 6 of 13 cases in a case series [7] and also in another case report [6] . Although EDDs in the mesangium are frequently observed in lupus nephritis without membranous lesions, they are not generally observed in AAG. Therefore, EDDs are not simply due to AAG. The reason why EDDs in the mesangium are frequently observed in MN complicated with AAG has not yet been elucidated. MN in young adults is, itself, relatively rare, and MN complicated with AAG in such cases is extremely rare. The key pathophysiological relationship between these 2 morbidities remains to be elucidated.
In conclusion, we report a rare case of AAG complicated with MN. Immunosuppressive therapy seemed to be effective in treating crescentic glomerulonephritis histopathologically and in reducing proteinuria, while it was refractory to reducing the MPO-ANCA titer.
